
SENT UY:Xsrox Telecepier 7021 :61- 1-14 :3:34PN :2156721112-d 202 404 7351:1 2

07/21/94 15:32 t 1202 404 7951 AFOSR DI ONR

AD-A284 023 , p~

ElhiillHI iiiMENTATION PAGE N

1. AGENCY 01E ONLY (10V Va JfiuR1P& 941 nnuITiIj pItVEftED

I.TIML AND SU3T1ITLI - - S. FUNDOING NUMBERS

Cerebellar circuit mechanisms Which accompany coordinated AFOSR F49620-
limb trajectory patterns in the rat: Use. of a model of 93-J.-0136 DEF
sflontaneous changes in limb coordinstion

5. AUTHORMS (. %0_

Sheryl S. Smith, Ph.D. a Ig -19

7. PERFORMING 61tGAtIZATION MAMA(SCAD ADb5AIS9([fl I- PIRPORMING OR(GANIZATI

Hahnemann 71niversity
Broad and Vine 91 0921
Philadelphia. PA 19102-119Z

9. PONORIorNG/ MdNITORING AIGINCY NAME(s)AND ADDRIISE(I) 10. SPONSORING I MONIORIP,

Ahr Foriocre Ofiel'of Scirutpa arleieh oriation ofeac tGENC dIsOta liMM s

-~~~i The oresen stuywase Crommane, UoStAF n h ehvo finiiul l~
I~~J thing cirui, recrddshingonicll aC 20332 esof1-2 drng6et48 l

12.Din RBTO theIAILT dorsalM aPceso. olie ndaray o Prknj cll i th aaeulcer001

accelration anr p--'N e rtured at. igeui ishrewl hn eaaye

oreate wiith chansa cinci plroaycs asociaed in ithe hoordinetstat.. The foltlowing.

arcameer cill es assredkowt b. aste-cclaed coreltedimprovemrnts 2. the speed ndto
oaccuracbeofaimbconnectiory ns, ilb usied cosoretion technitueys, a. thdelde of cagsi

vq prorvmance. ander.lchngs inr~ cetr-srronirpert ies ofel ^tmadjacenftri -i arrays of e will~

in tetrPrij el dorsal accessory olive, os ray fPukncillations th 6oaeml oebl

corelate-urud, limb coordesinaperiomnce asorocicatdwith cycloe stat.PR Th flown

parameter wiIT CL beICTO ases.d .IJiT CAstepcycle corel. e dEUisYcharge.C~I 20. ltheTstregt of A
oPRiPo-rtbelr onetonusn crosscorreatio techniques 3n.ltseifedreo

sycrni01oivr xilaoyAirhreapttietm"_ __1a"ntifn ai

moeet n 4 hne n etrsroudpoete of~.O.5O5O adaet arrasd of~ 92C 9

R. IMORT Tilms 19. NMERO PC



SENT BY:Xerox Telecopier 7021 18- 1-94 3!35PO 21576 tA! on For 3uL 4U4 71bl

NTIS CRA&I
OTIC TAB

Unannounced
Justification

By

Distribution I

Availability Codes

Technia R~eport Dt Avail and I r

Sheryl S. Smitht, Ph.D LDit 
Spca

AFOSR 9620-93-1-O1 E

Cerebellar circuit mcchanlsms wMch accompany coordinated limb tra jctory patterns in the rat-
Us. of a model-of spontaneous changem in limb coordination

Research Objectives

Limb coordination is known to be altered as a function of overall systemic state, such as that asso-
dated with endogenous variations in hormones (estrous), drcadian state axnd arousal. In partculmaz
the e•tous cycle is associated with siA cant cyclic improvements in the speed and accuracy of
limb movements in terms of hurdle negotiation and in response to variable acceleration of a trmd.
miull. The goal of this proposal ix in quantify electophysiological activity of the rubro-olivo- cere-
bellar circuit of the rat associated with thene rnwled alleraLion•s in performance state observed
m-oss horIoone and circadian states.
I. What changes in cloctrophysiological activity of tha olivo- cerebelar circuit are observed during
tests of limb coordation?
For thti and the following aims, chronically Implanted microwires wil simultaneously rent uniL
activity from entsumblh of individual neurons within the rotrul doreal accessory olivary nucleus
(rDAO) and/or Purkinie cells of the intemediate cwbellun. The activity of the circuit will be
assessed during hallenges to the sernsorlrotor system using parmdigmA employing constant
spad. variable changes In tradmill acceleration and disrupted locomotion in order to asess • no-
tor-correlated activity from the individual components of the crcuit. Activity of the Purkinje cell
is known to be correlated with the step cyclc (stance or flexion phase), while the olive served to
signal event changes or "motor error".
2. Can changes in the strength of olivo-cerebellar connections be observed across estrous asaixi-
ated changes in limb coonrination, assessed using cross-conelation t e se I
3. Do synchronized olivary oecillatione alter across cstrous- associated perfor=ance state? Rlhyth.

Lf •e ni olivary discharge has been described as a putative intenral timing mecanism that fadi tatet
rapid, altermating mnvements of the limbs, one parameter improved on estrus. Therefore, popula-

W- U tions of olivary neurons will be monitored acrum hormone tate to determine the degree of syn-
Sa ulunized rhythnic behavior during rapid locomotion paradigms.
0 Mg 4. Do center-surround propertie of Purldni. calls change across hormone state? The contrast

sharpnes of center-surround Purkinje cell activity will also be tested to determine whether reso-
I M lution of this system improves as limb coordination Impruves.

R".eardi Statu

Results

For this protocol Purkinje cells within the paraverun cerebellum were recorded iising chroni-
cally implanted microwires to allow up to 23 indvidual single units to be discaixidated from one
rat. DVscharge can that be assessed during treadnall locomotor paradigms across hormone state
(estrous cycle). The nioht of estus (gh circulating levels of estradiol and progesterone) is associ.
ated with improved limb coordination.
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1. Changes in movement-cormlatd PurWInje cell discharge across the estrous cyde

Dlsc-argc (simple spike) recorded from individual Purdrnje cell& during treadmill locomotion
(tread on) was significantly greater than discharge recorded during the stationary phase (tread ofl)
in 85% of the cells recorded. Both the cinadian and estrous cycles were associated with changes in
the magnitude of this locomotor-correlated discharge relative to discharge during rest. When the
population data is summarized, a number of significant changes can be noted across the estvus
and circadian cycles: The maximal Ilcomotor-correlated discharge (Ord on) recorded from a Purk-
inje cel) occurred on the night of BE (dark) relativm to oLher days of the estrous cycle (PO0.0,). In
the light, l.mvmotor discharge was greater during proestrus, the day when circulating E2 levels
peak compared with aimilar discharge recorded during other phases of the cycle (NO.01). In con-
trast, the circadlan cycle was not associated with alterations In the magnitude of locomotor-corre-
lated discharge recorded on dieutrus. Locomotor-correlAted disch, was also greater at the faster
treadmill speed (NO.001) versus the slower speed, and strous cyle changes in locomntor corre-
lated discharge were also more apparent wben texted in rats run at 11 rather than 4 an/sec. Thes
results are representative of 43 cells (10 rats, 3-5 cells/rat) for the light pluse and 49 cells (10 rats,
2-6 cells/rat) for the dark phase of the Ught:dark cycle.

Estrous cycle changcs in the step-swing cycle

The step cycle can be described as a 5 stage event and for this study is comprised of. footfall,
stance, early thrust, late thrust (or flexdon) and swing phases. The duration of these step cycle
phases was assessed for rats on estrus and diestrus. Relsalts nf videotape analysis of behavior
indicate that the early and late extensor thrust phases of the step cycle are shortened by approxi-
mately 275 msecs when evaluated on the night or BE compared with values obtained on D.

Estrous cycle charnges in step cycle-correlated discharge

Plurknje cell discharge recorded during treadmill lovomotion in all cases was correlated with
either the stance or the laLe thrust (LT or flexion) phase of the step-swing cycle, as has been de-
scribed by others (Apps and Lidierth, 1989). The evolced discharge rate of a representative cell
averaged around the LT tlmnpoint (U 200 meec) increased markedly on BE (from 70 to 92 Mz)
compared with Its rate recnrded on D, when the rat was rn at the faster treadmill speed. In addi-
tion. the timing of this evoked discharge was altered, as the cell began to fir SO mscc earlier and
decreased discharge 100 msec earlier than when tested on D. In contrast to this finding, a slight
decream in dischare was noted on BE compared to diestrous values when the rat was run at the
slower treadmill speed.

When the population data was evaluated, maimal discharge from 90% of the Purkinje cells
recorded correlated with the stance phase of the step cycle. When tested at the faster treadmill
speed, locomotor-correlated Purkinje cell discharge was seen to incease significantly (PdO.02) on
behavioral estrus (M), compared to values obtained on D, irrespective of the cdrcadian cycle. In
addition, dticharge during the swing phase was either lower or not signtificantly different on E
than comparable dieharge recorded on D. This difierential effect resulted in a greater step cycle
modulation associated with an increase in circulating E2: the step cycle modulation was five- fold
greater on I (light) and two-fold greater on E (dark) versus comparable diestrous data. (The step
cycle modulation of discharge exibited signifivAnt differences at a confidence level less than 0.05
for all groups except for the diestrous-light data.) In addition, the temporal relationship between

rsjse in Puldnje cell discharge with the onset of the correlated behavior was altered by the
estrous cycle- Correlated discharge tended to precede the step cycle correlate (by a mean 130 msec)
when recorded on B (dark), compared to D ('<O.05).

2
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The slower treadmill speed was associatc , significant decreases in both stance-correlated
discharge as well as lem significant step cycle modulation for estrous rats compared with data
obtained at the faster speed (MO.0002). At the slower pace, only estrous rats run in the dark exhib-
ited significant step cycle modulation (YMD.O2, stance versus swing-cornelated discharge). The cs-
wous-dark ,tance-coelated discharge was signficintly greater than diestrou&-dark data by a
mean 35% (<0.02); it was also two-fold greater than comparable data rocardLd in the light
O'<0.02). However, rats nu in the light at the slower treadmill speed did not exhibit significant
differences across the estrous cycle. Thus, estroi w.d circadian cycles are associated with changes
in step cycle modulation of Purkinje cell discharge, but this effect is signficantly influenced by the
treadmill speed.

Corrective gait response varies across the estrotb cycle
The corrective response to gait perturbation (produced b: -v 'Ay varying the treadmill

speed) was assessed across the estrous cydle. Both spatial and -.mp,.r ., indices of shoulder dis-
placement were lowest, and thus motor performance was optimaL, w, -n .2smsed during Lhe dark
on estrs. At this time, displacement of the shoulder averaged 1.5 (ý± 0.02) Mix. over a 0.5 (. 0.03) sec
period during random changes hi treadmill acceleration/deceleration. Both -;ameters were sig-
nificantly lower during estrus-dark (0<.05) thOn during the estu's-light (4. ± 1.1 cm; 1.85 ± .32
sec) and both diestrus-dark (4.7 1 1.3 w); 1.95 *: .42 sec) and diestns-light (6.6 ± 1A4 C-= Z4+ .t6
see) phases. (On diesburu, hormone levels are low dring both light and dark) When Lsessed
during the light, the spatial, but not the temporal displacement parameter, was sIgnricantly lower
on estrus (P<0.05) than on diestrus. In coritrast, there were no significant differencesbe-twec either
the spatial or tempoml parameters obtained in the light versus the dark on diestrus.

Estrous cycle effects on Purkinje cell disdarge recorded during variable acceleration
To assess changes In olivocerebellr activity during gait perturbation the rats were placed on a

treadmill whose speed (and acceleration,/dece•Jcaton) was continuously varied. Most neurons
recorded in the cerebellum (39/49) and rDAO (47/59) exhibited Incre.,.ed discharge, relative to
both rest and regular locomotion, during this variable treadmill acceleration paradigm. In general,
Purkinje cell discharge increased at the time of treadmill onset, and continued to increase to a
plateau during the period of variable treidn•ill locomotion. The termination of treadrmil locomo-
tion was accompanied by decreases in Purkinje cell discharge, which declined to a nadir during
non- movement (treadmill off). Similarly, olivary discharge was increased during the variable ac-
celeration paradigm.

On the night of estrus, movement-correlated discharge increased to maximal levels of 20 L 5.0
FIz by the second half of the locomotor'period, a 67% higher activity level than the average rate
of 12 ± 3.1 Hz, achieved during the locomotor period on the day of diestrus (NP0.05). Purkinje rali
discharge during non-movement was also greater on e.qtra (P<O.05) than diesmns. In contrast, at
treadmill onmt, movement- correlated olivary discharge was decreased on estrus versus diestrus
(average frequency 3.8 ± 0.7 vs. 7.6 ± 2.0 .Iz, respectively, PN0.05). Olivary discharge during non-
movement was not signilicantly altered across the estrous cycle.

2. Estrous cycle effects on the strength of ollvo-cerebellar cross- correlations
Cross correlation analysis revealed estruub cycle hu'luences on the strength of olivo-cerebellar

funclUonal connections. Purd-je cell discharge averaged around the spiking of a rDAO neuron
was increased by an average of 30 18.1% on estrus compared with va•lu, observed on diegtris
(P<.O.5).
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3. Olivary activity across hormone state (light)- Variable acceleration paradigm

Use of a variable acceleration treadmill locomotion paradigm (with random alterations in
speed and acceleration) produced olivary discharge rates increased by as much as 21 % above those
obtained during constant speed locomotion or non- locomotion. " his increase in discharge during
random (and therefom unpridictable) dianges in treadmill speed may reflect the event signal
function of the Inferior olive, as predctltablv movement (or lack of movement) increased olivary
discharge very little or not at all. Oscillatory activity of this neuronal population is thought to
represent an internal timing device which, when synchronized, functions to coordinate activity of
asaglttai array of PArkinje cells and can ýacihtate rapidly alternating movements. Rapkily alter-
nating movements are required by this teadmill paradigni, and performance %sing this paradigm
is fadlitated on estrus, following elevations in both El and P. Therefore, this study was designed
to lnvcstigate influences of these hormones, injected separatly nr sequentially, on the synchro-
nized oscillatory activity of populations of up to 23 neurons recorded per rat.

Hormone treatment markedly enht nced both the synchronized activity and the oscillatory
activity of the population of olivary neurons tested, an effect dependent on theparticu]ar steroid(s)
injected. On diestus Qow hormone state), 40% of the population of 43 rDAO neuruns (a.,sessed in
5 rate) discharged synchronously, with 4 of 43 cells exhibiting a 3 Hz oscillation. These results were
obtained during the variable acceleration paradigm, recorded during thc light phase of the cir-
cadian cycle when perfornance has been shown to be les than optimal Progesterone adminiqtra-
tion (5 Igs, i.p.) increased to 26 the number of syrnchroni,.ed neurnns and increased to 18 the
number of os.l Hating neuron. Following treatment with 12, alone or in combiratlon with PF, 90% of
the total olivary population was byrichrordzed. However, only combined hormone trcatmnct in-
raased the number of neurons exhibitlng a 3 liz oscilation to 80% (36/43 cells). The rsults ob-

taincd with dual hormone treatment M' simnilar to toe observed on estrus (light), following
endogenous increatss of these hormones in the drculation. Adnnisatration of E2 alone produced
effects on oscillatory behavior similar tv those observed after administration of P alone. Thus,
clevaLlons in circulating estrous hormones are associated with conversion of a non-oscillating, 0%
synchronized population of neurons to One in which 8M-90% of the population exhibits synchro-
nized oscillations. Synchronized oscillations predominate during hormonal conditduns uf •m-
proved performance which require rapid alternitioxzi In limb movements.

Synchronized olivary oscillations across hormone state (dark)- Variable acceleratinn paradigm

Thin study assessed the number of synchrornzed, oscillating olivary neurons recorded during
the dark phase of the light:dark cycle from rats using the variable acceleration treadmill paradigm.
ResulLs were then compared across the estrous cycle. In general, performance on this paradigm is
improved when asseasd during the dark rather than the light phase of the light:dark cycle. Per-
formanc ik maximal on the night of behavioral estrus following elevations in bth E2 and .Thus,
this study further investigated the hypoihesis th-at improvements in performance on this task in-
volving rapidly altemrating changes in speed are correlated with a higher percentage of synchro-
nized or6llating neurons within the populadion tetotd.

Wien recorded during the optimaZ performance state on estrus, 100% of the 43 neurons re-
corded ehibited synchronized oscillations. On diestrus, 70% of the olivary peopulation recorded
during the dark exhibited synchronized oscillations. Thus, this finding supports the hyputh.b
that there is a correlation between perfo .rmnde ,iuu tle degree of synchronized oscillatory bebav-
ior of ulivary neurons.

4
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4. Estrous cycle effects on movement-€crrelated Purkinje cell discharge: Center-surround proper-
ties

Two types of behavior-neurn corelations were observed during the recording of Purkinje cell
dishrge from the panvermal cerebellum (forepaw receptive field) of a rat dunng intermittent
locomotion on a treadmill. The majority of the cells tested (09/49) exhibited increased discharge
(simple spike activity) correlated with the stance phase of the step cycle during treadmill locomo-
tion, as has been described In previous report•s from our laboratory (Smith at al., 1989) and others
(Orlovsky, 1978; Armstrong and Edglcy, 1984; Apps ard Lidlerth, 1989). The discharge of the re.
maining sub-population of eells tested was supprmesd during treadmill locomotion.

The activity of these two populations of nourons was differentially modified between late
proestrs and estnrs following elevation. in circulating E2 and F At this time, the activity of the
movement-activated subset of Purkinje cells was Increased by an average of 115±L 10.2%, coni-
pared to discharge of the same neurons ru-orded on diestrus, when hormone levels are compara-
tively lower. In contrast, activity of the movement-supprcsscd subset of Purldnje neurons was
further suppressed on late proestrus/estrus compared with diestrous values. For the entire sam-
ple of 10 neurons (of a total 4Y) which exhibited movement- suppression drinng dlestus, a mean
84.6+ 6.7% increase in suppression was observed on estrus (versus diestrus). Thus, Increases In
holb excitation and suppression of Purkinje cell discharge are observed on estrus, the period of
enhanced limb coordination. This may be rcflccted in an enhancement in the contrast of center-
surround properties of arrays of adjacent Purkinje cells. This incrame in gain or "contrast" may
result in a finer resolution of processing, analogous to the role of contrast enbancemnt in visual
perception. A more accurate readjustment of the limb, via gain changes in Purldnje cell dLicage
may be the physiological outcome.
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